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(54) TORQUE SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a torque sensor 
that can detect any one of disconnection, 
shortcircuiting, and rare short-circuiting. 
SOLUTION: Two torque values are detected based on 
the relative displacement between first and second 
sensor rings 21 and 22 and that between second and 
third sensor rings 22 and 23, and each detection value is 
corrected by a temperature compensation value that is 
detected by third and fourth sensor rings 23 and 24, 
thus obtaining a temperature-compensated main output 
and sub output. Then, it can be detected whether there 
is a failure according to the difference between the both, 
thus detecting a failure such as a rare short- circuiting 
that could not be detected by prior arts. 
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TZo m4^>^V>if2 4li?H3 J t^V>y 

2 3bmmzxz>itoi i«w@^$ttTv^^^#ora 

[0 0 3 7] $£oT. ^l«tb3-<^4 US2ftffl3 
^4 20m^Al, A2ftttW\Z&ttrrZj&tXL 
%3&m=i<{;\'4 3<DmXA3n--l£<0&bl3iZ>. ^Erb 

r, ^m*iA4te£xf-v-7m*)Asnmcj&bti: 
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* 0 r^>-r^tti^A4*5j:x/^yw^A5H, 

mft<D&mvm&&^xmz±m«.F 1 tTmmF2<o 

4 8 *5 J:t^tt*«g« 54, 55 rtcoSSt^SStMSr^ 

[0 0 3 8] *KljBltj»H = >f/U4 1 % JB2tftU=>^/^ 
4 2, *3«W=>-f ^4 3fc**#£Cfc»*K:oVvC 

£\ 135 (a) OA1- llC33rt-*5fcWAAlttOfc: 
<ttlCj»^ % TIR«F2«:TIbI3 (04 (b) (DA4- 

i) „ z<oit#>tofiAi&TmmF 2&hH*iitz. t& 

[00 3 9] #2tftm = >f/V4 2a^>3 — bLfcS§£\ 
El 5 (a) OA2-llC^-f-«t ptCW^A2«OtC3&VN 
«ttWRA/CL*5fc«>* f-^W*A5d«^7^*lftlO* 
(05 (b) COA5-1) . _hPS1iiFl£ 

s^tiaot, _Li2mi^m=«^/v4 i^> 3 -m 

[0 0 4 0] £1±<D£ SICjBUftffla-O^ lSfcttffS 

2tWi3^4 2^3-McJ:^ttt, ^-Y^ 

A 4 * 1^W#A 5 ©«L«XtfTBWF 2 J&>k_bRBfil 

*a"c#5.--. — ... -■• - 

[2. JBl*W3-f>V4 l*fcttJB2*a3^/U4 

(a) OA 1-2 iC^i" «fc 5 fctttfj A 1 tt:/ 7***61 
0*£*M»fc*ilA/-eL*3fc«>. ^-f^tii^A4t>7 P 7 
*#fifc:JRtt* ±(SfflFl^r±lElf5 (06 (b) (OA4 
-2) 1*^3^4 loK»k:J: S*#«r*ffli- 

<blC<fcoT. JbCff-l«IUa^4 1^a— 

[0 0 4 1] X2WHa^4 2*S»fj»Ufc^ > 06 
(a) OA2-2^*TJ:pl^ai^A2«:^7^^IP] 
^f*II^A/-(?tf5t^ ^-r^t±5^!A5ASo^ 
iBVMK&tt9 (05 (b) ©A5-2) . TRRttF 2 £ 
T09> JB2ttffl3^^4 2©WMIl!:J:***fr|fcai- 

tlwioT, ±E« 1 «Ha>f ^4 1 i^/g - b Lfc» 



[0 0 4 2] ^±^^5(^1^W3^/W4 l*fcttJB 
2ft«3^;i/4 2 coBftlK: ^a-h^ 

tPI«IC x ^ ^ >tUA A 4 i: tyWA A 5 (D^t 
TRSffiF 2*»fe±RR«F 1 *Wff*ttB8rtfc*>3*>* 

(3. Kll&fcti^-lVt^ l^fe^2^tli=»^A4 2*5 

htfc^ El 7 (a) <OAl-3lC^*ri5iCtH^A 

yMfcBI (0 7 (b) OA4-3) fcftft. 
*2lfcffl3>f^4 2ttjE#iJ:(HBUTV^fcie> % *:/ttJ 
*A5ttjE«4ttHi:*-5. ffcoT, IE#*ffi*A5£ 
^^W^A4-3i:0^t-«m^AI^C6o -O 

^«>. ^>f^tti^iA4 i:t^aiAA5 tomzziczm 
r , _LIB» l /W4 i #u 3 - b 

6 5 ttfftlk, l>^~^^^7^6 6 
[0 0 4 3] ^I^2^tti3>f/V4 2^WTV3-h 

fflAA2ttaBBU ^^-feyhi-Sfc* (0 
7 (a) A 2- 3) . ^ytli^A5^^©U 
hi"* (0 7 (a) OA 2 — 3) o- Z<DfZ1b % ]E»/i^ 
>-ffi;fc A 4 A 5-3 **>|«fctt:S«6 

I2^W3^V4 2(DUTi/3-H: 

J: 5*»«rttuj-c# 5o mmmm 6 0 H:©W«r«ffl 
tsrtciot, Jhiejisiftffl^^ 1*55/3- b 

[0.0 4 4] ^±oj:5lc:Bltftai=^v4 l^feH:^ 
2^HJ3^^4 20l>7^3^Hc,i;5MH 

C4. : m3^ai=i>r^4 3^> 3 -M^rc0#) 

Ofc*<Dm3^ffl3>f^4 08 
(a ) <DA 3 — 4 (C^-TJ: 9 iCffi^jA 3 110 

HSA/r-L*5o rcDfcft, ^^>m^A4ttyy^\^ 

±WiW.F l£r_b[H]£ (0 8 (b) <DA4- 
4) o ^fc.'^fflAASttOteaSVMlteM^ 
F2$rTlHl5 (0 8 (b) OA5-4) fMWBIB6 0 
liw©M5:tHJt5^s ±E« ltta=»>f /W4 1 
3-hUfc»fri:ra«^mib^-^6 soffit, 

[004 5] 3^ffl^;H30$/3-h 
^ yHA A 4 f ^HA A 5 ©tWWTIHl 
F 2 a>fe±IWtF l*-COflF«ttHrtfc«)**^«»r*- 
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C5. !3«Hl3>f;M Stm»\^tzm f&3&£ij3^ 

5 (09 (b) OA4-5) o t^A5(^ 
7*#lfliraRt^ 1 $r±05 (ES9 (b) (OA 

5-5) . fB»*«6 0ttr^****Wi-5fc % ±|2 

[0 0 4 6] roi 5lc»3«iaj3>fyi'4 acoSfawt, 
* << l^mti A 4 £ -^^tli^ A 5 <0^n^tLd5Tfilfl£F 2 
£>&±RftF l*TOflp*tSHrtlJ:«>*3&»ft*J»r*-SCi 

&tfJ=^/V4 1#U7^3- 010 (a) 
CDA3-6lC^i-<t 5lCffi^A3«:^ibU jE*fc«j&* 

4&*^HJAA5HU.-EV>fcatfr«ifc««U lEttfcft 
KUfcKiB (110 (b) ©A4-6, A 
5-6) £fc* 0 $£oT. AA-Gt^m 

4 i/mtiA 4 tt^AS ^P^tc^CSgg^A I 
»^»6 0ttr^#Sr«ttJi-^^tJrj:oT, _hf2S? 

[0 0 4 7] WC^Jb3zE^SBl«m=-r/V4 1. #2 
*H3^4 2, »3«Ui3^/i/4 3©*tt*r«fcM-6 

ift^-TSo «««ffl>^P^Att % ^Try^l 0 0«C:fc 

t\ ^fyyi 0 2lC*5V^^^>ffi^A4d5T[SfiSF 

tH^A 4 #TIE<IF 2 3>*>JtPIflF 1 (omzhzms 
(YES) . ^7^10 4^#^ri-^ c ^-r V 

tti^A 4 ^TifiF 2 jiffiitF i (omtztz^m& 

(NO) „ 3oO^Hi3><;V4 1, 4 2, 4 3 0V^ 

it, ^^~-V^7^6 6Sr^i-^^<D^*aS€r 

[004 8] ^ry^l0 4m ^fy^l0 2td 
8U£-fr:/ffl;*j A 5 as-piEfigF 2 a>£±PSiSF l <Dm\zh 

z>i>^frzmwr?z>. D-z/mtiAs&TvmF 2*±b± 
mmF i <Dmzhz>*&& (yes) , ^^i o 6ic 

F 1 S>WJK:4V**& (NO) , 3O(0tffl3^4 1, 
4 2, 4 3<D\,^tlMZ*siB~h*1Ztemfc<Dg i 1g&£. 



[0 0 4 9] ^r^yi 0 6m t-il/MtiAAt^ 
<DXtb* 0 !6»AI*5ff*«Hrtlc*5»* (YE 

S) , ^T^lOSCifftS. A 1**1* 

^©ffirt(C^V>«^ (NO) , 3O0ftffia^4 1, 
4 2, 4 3©VNi"tL3ft^CUT->a— Hc«t5H»a$iC 

#toa*ffofc*. rojwtawj:/* ^7A^Tt 
So 

[0 0 5 0] 0 8m RJbco;*^ 

<0|j:^>f^A4Wfe$ o rco<J: 5 l£±12Lfc^ 

^ &mit* a >mt>A 4 £ -*7mz> a 5 

Stt^Ml, 4 2, 4 3©Vvmi£t>JWMJfci*flr 

[0051] Si±M^<1tX 5 ^HJfi©j^lio h/W-t 

2o4>hsl^ftttttAl, A2£. loOfif 

*mrft a 3 £ 9 x taftM«$^^>r^'tii^A4 

fctt;*jA5£&tiiU r02oCDtti^JA4, A5H^ 

tvtyy^ti, 22, 23030 

-Cfet). -tV*!) V>/2 2«rM)»A'^*Al, A2£# 
5) o W hA^KUlA 1 , A 2 

U -?rix^ti,i*ai*o<oft2ia(o-fev^-y v^oft#3E 

•r*IHi-S*W*l % «2tftU#JSlc»J$^d. « 

U ^3, ^4-fe^$PtClB2. ^3-feV-^»J>'^2 
2, 2 3#»*f5) . h^*|iHtAl, 
A2^a65^:^(?5-fe>'iM)^<o^:«:4o (?a^#« 

[0 0 5 2] ^fe x &ms&<om&<o bw-fziftx* 2 
1 ncmi-fe^y ^^2 i&&rjm3±^v})>?2 

3&Jfr*)tttt s UAHl 2lCJB2-fe^f-y Vi/2 2S:lt 
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*$ .ttfig 3 ± y v ttrt b u-c t> & 

[0 0 5 3] 2<blc % *3felSo*JftOhA'^-fe>'+B:, 
taSMfS * ti1t&<D* J > mil A 4 t l^tti* A 5 «rJt 

<fcot, i/r'/a-HKBIitU jE#fc«Wrbfc«fc 
LTfcftv*. *lc*2©|lfllo* 
»cov>T«M!i-*. ±IBJB l oHiS<o^J8o M^-fc 

2 l ?:^a7^ hy^f^SAMl l©77^ 

[0 0 5 4] ±SSB 1 OSBfc*>#«t?tt, » 1 d^feJB 3 
tyf yy^2 1, 2 2, 2 3©±«*fc«:TWc«» 
21a, 22a, 2 2b,..2 3 a«:«*U:*yf ^ 

tu-cv>5« &i^i-s& 2 ^UtO^-Cft, S&lJ&»*> 
*3-fe^9^36«*ft9*5J:3fcElttU -fe^iJ-y 

So mi<omm<oMifc<Dm3't>D-» ^rz 3 1 

I4tyf U V^2 4&— *fttti«t*oTV^, 

HtfS 1 <09m<0J&& b m UTf&03 $:^B&i- 

5, 

[0 0 5 5] 01 2^2C0Hi£O^(DSr^U^:t>O 
"C$>e« 013 (a) MBl 1OA^0-Cfc*), 
(b) »H1 ltf>B-BKrr©T&9, (c) Ytm 1 1<E> 

c-cKra-e&So *fc, ®i4 (a) iMBs-tr^-frS 

>?2 3 0O±®I3"C*>9,- (b) tt^3^^y>-^ 
2 3 0©«ffiH'Cab5..Jll2^)**W*«(O-fe^»2 

oori^fc. T{B0^bJHi^i^e>^3-fe>-y-y v^2 

1 0, 22 0, 2 30^^1^^>S3ftti33-Y^4 1, 
4 2, 4 3<DZ^<D&m=*/l'frhffiJ$L£thX&y.m 

y v^2 3 iSM-feV-tf-y 4£«*afcl8*«i:fco 

TV**. 

[0 0 5 6] Sl-feV-0-y V^2 1 0<E>_W8lCte x 
0^y^jt«^«HUfc'&*3^R©*»2 lOifflf 

jft«n-cv^«o ^»ityty^2ioii, 

1 1077^1 1 a^JSI^ ^&*<om^ffiBc^ 
-<-t2 6 0*:frLT&!$|§;££;h,5fc£K:k^ tr^ 

2 6 0 alCj;o-C@£$ilTV^ c f 2*feVf yy^2 
2 0<D±S&&£T*Tmc\*. JhiBLfcl&lir^-y-y Vi/ 
2 1 0O#gfl2 10a ir^LVN— ^tDtf y^<Dj£j£©# 
!B2 2 0 a, 2 2 0 b#*J5fcS*VTV*S 0 %2^^^ x ) 

\s#2 20», Sityfyv^2 i o £9 f>«**'h£ 



aityty ^2 1 oco«»2 i oa tmttvG 
v\ t^2 2 0 bit ^-rs^3-fe>-y-y >^2 3 0 

<nmU2 3 0 a £Sfc9-£5<fc 5lCfcoTV>5 0 

2^^-y-y ^^2 2ori, twrtfei 2g>5IeM'Mk« * 

«ttfcO«ft«!R**<— • y-2 7 0^ttW@^$H 
Si: i:ict>{r % \?>2 7 o alc£oTIl££;h/tv^ c 

[0 0 5 7] ^3-fe^y V>/2 3 0^T^*-H. ±IE 
UfcgS21r^y ^2 2 0<DWiU2 2 0a t^UV>— 
y^T?Jt«WK«Lfc*»*3RO*«2 3 0 a # 

^/fcSjhrcv**. S3tytyy^2-3 0ft, Si-tv 
-v-v^?2io tmc&ttL* m2±^v>^22 

0^ttM-#1S^*£?l-#oTl>5o r^TtffB 
2 3 0 a«C^$nfc^<D^rpJ«:01 3 (a) tC^i" 

J:3ic«»2 1 0 *<DimJjfabmijfabti:<DX^Z. 

*ft,.&3±^yi<'? f 2 3o<D±j$\a*. miomm 

<DJ&m<DlS 4 l/?2 4lCfB^-ra#gB2 4 0# 

^$nxv>S 0 #£52 4 Ott, ±.&V1tmU2 1 0 
a, 220a, 220b, 2 3 0 a •? t>4>fcV* 

•RfcfcoTV** (^2^|life0^licQ#^rt2 
&) • 

[0 0 5 8] c<o^3-fe^-y-y ^^2 3 01*. A;t>$u 
l o^HI^ ^«tttflc^««SiR^-<— y-2 8 0 Srfr b 
T^@3^^^Sti:lCt>l^ ^2 8 0aiaoT@ 
?££;h,Ti>S 0 «*JliK^— *2 8 0©T«MW 

^ y y73 4 Oj££oTte©&£>£ixT^.5<> * 

^.mm^-^- 2 9 o am y mi t>thx& v , 

5KK^-<-f-2 9 0<^_Bg^ri^-^ y !X^3 5 0!^ 
[0 0 5 9] JiSfcUfcgU-fc^y ^^2 1 0(0±M*5 

ii;S2tyty^2 2o^T«vii3 (b) k 

©S$i^rV^^^. ^fe. «$P2 1 0 a:fcJ;tf#SS2 2 0 

a b t^=^mmzAta ^?7y 3 xx; /n V K/W 
^^A^Fic*5V>r, -BffiotDJHSH 0 i: ^5 J: p HUME 

$htv>So raanc, 1 2tytyy^2 2o©±w 
*o«wr 3^Wb-cpitt»k:iaia$ttxv>s 0 

#gj2 1 0 a*5J:tmgB2 2 0a ^07^iH4(j:, 

[0 0 6 0)^13 (a) K^-f J;?^, C<D#^2 2 
0b, 230aOl^0^9lt, Jil2Ufc©^210 
a, 2 2 0 *&mftV&0Mbte&ttmbt£<>X^Z>* 

^(Dti^ a^i i bmfiwi 2 b<om\£ttttiB\mv 

Wfctt, 1W2 10a, 220 3077^3^ 
^C-j-Hllx #1352 2 0 b, 2 30aO7 7ytH4liH 
ti^T^U W2 10a, 2 2 0a(D77yiH 
3tfifeM-fttf, ®3J2 2 0 b, 2 3 08(077^ 



[0 0 6 1] f liffi^^f/M 1, »2ttffl = ^^4 

/l^^T K3 %<DiS4 K9 V^S*3 8 a, 3 8 b, 3 8 
c, 3 8dtt. *Wft)B!:JBltyf9yy2l0, 

$2t>'t!;^220, l3t^fy^2 3 0(Oi 
$J2 3 0a©^ S3tytPV^2 30^2 
4 0fc»|fg-J-5J:5^H*Sn-Cv^5 o fglt&ffi 
a -YAM 1 tttt£&2 1 0 a £tt£&2 2 0a 
?^l-ttftLTBES£*i, % 352fcfcH=^/W 2li«SB 
2 2 0 b t*S2 3 0 a t a*** 9 * 5 ffeBKttft UT 
S£S£*U. JBSfcffla-f/JM 3ll^3tyty >-^2 3 

So 

[0 0 6 2] SHj&^tzm&LlZ ioT, ft 2 4>!Ufeft>S 
[0 0 6 3] 

[0 0 6 4] *fc v S»^3« 1 ©¥«tt. .*.2-t^»«r 

[0 0 6 5] »^40^ll, >3tttt«S^JNBa 
W"t-*«*W»*r» l * ^*»* fctt* 3 -fe V-fr 

ff^«fflrtfcfe<5^^SrW»fi-^ifc^J:oT. grift 



fe^^g-h^ft^jtuftiax-^^ lot, * 

[0ffi<ott*^fftig] 

[mu *&m<oMi<omm<z>j&m<D h^t 

182] JBlSllftOJ^lB©-t^«po^««r^bfcBir 

[0 3] *l*«0««80-feV^«^«»B5**L*:BI 

[El 4] *lJ»6o««Bo««ltt«rt«r^LfcH-e*) 
5 0 - 

[El 5] ^lHJ6^fHc*5V>TjE^^Bl^^:W:m 

[0 6] mimi&<o5&m\£&\ f ^x$%i±itftm2mm= 

[El 7] ^l^Jfeco^tc*5V>T^l*^:tt:S2^tb=' 

[88] BlH2fe0^tc:*5V^T^3^H3^-Y/^^3 

[El 9] *l3l«0*«lC*5V%TJB3attta-</b^K» 
U£:B££r^L£:0-c£><5 o 

[0io] mimm<omm\z^xms^m^^^ 

[011] SHWSO^«Ofp«<D«*Sr*bfc7n- 

[012] ^^(0^2<0Hjffi<0^®<D bfr*±>lKD 
JK^faa0T?*>6c 
[013101 2©»»«Sr^LfcB^*>«. 
[014] fB2 0*Jfeo»«lo*3-fe^!;^Sra%b 

[015] l <ofSSr^bfcB-C*S. . .. 

[016] «*^0»H€rRii+5fc«)©B-efc*. 
[017] Maf^2(D0iJ^Uc0t^. ' 
[##<DfftH] 
1 1 A^7te 

1 2 

13 I — is a 

20 -fc^iro 

2 1, 2 2, 2 3, 24 £ 1 . * 2, JR 3 , JfU 
4 1, 4 2, 4 3 fl, 12, B3a^ 
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